Data availability: The legal restriction on data availability are set by the Tromsø Study Data and Publication Committee in order to control for data sharing, including publication of datasets with the potential of reverse identification of de-identified sensitive participant information. The data can however be made available from the Tromsø Study upon application to the Tromsø Study Data and Publication Committee. Contact information: The Tromsø Study, Department of Community Medicine, Faculty of Health Sciences, UiT The Arctic University of Norway; e-mail: <tromsous@uit.no>.

Introduction {#sec005}
============

Physical inactivity is the fourth-leading cause for premature mortality globally, and the health benefits of physical activity are undisputable \[[@pone.0225670.ref001]--[@pone.0225670.ref003]\]. Thus, surveillance of physical activity at the population level is crucial in order to track levels and trends of physical activity, which may support public health initiatives to promote physical activity \[[@pone.0225670.ref004]\].

Traditionally, physical activity is assessed using self-report methods, which are susceptible to recall and social desirability bias \[[@pone.0225670.ref005]\]. Over the last two decades, the use of objective approaches to measure bodily movements, such as accelerometers, have progressively increased and may complement self-reported measures in large scale population-based studies \[[@pone.0225670.ref006]--[@pone.0225670.ref009]\]. However, accelerometry measured physical activity levels vary across different populations, socioeconomic status, sex and body composition \[[@pone.0225670.ref010]--[@pone.0225670.ref015]\]. Although these differences may be true, inherent variations in device technology and data processing procedures influence the outcome \[[@pone.0225670.ref007]\] and may hamper the comparability between studies.

Additionally, more recent accelerometers measure acceleration in three axes (vertical, coronal and sagittal) \[[@pone.0225670.ref007]\], whereas older models that are used in many observational studies measured acceleration in the axial (vertical) plane only \[[@pone.0225670.ref006]\]. Triaxial accelerometers are expected to record a wider range of movement and activities than uniaxial accelerometers \[[@pone.0225670.ref016]\]. In laboratory studies, measures of standardized activities from uniaxial and triaxial accelerometry differs in adolescents \[[@pone.0225670.ref017]\], but are similar in adults \[[@pone.0225670.ref018]\]. However, in free-living studies of adults, triaxial accelerometry data detected more minutes in higher intensity physical activity \[[@pone.0225670.ref008]\] and a larger volume of sporting activities than uniaxial accelerometry data \[[@pone.0225670.ref019]\]. To our knowledge, no study has compared triaxial and uniaxial accelerometry data from the GT3X ActiGraph accelerometer in a large population-based sample during free-living conditions. Thus, considering the potential differences in triaxial and uniaxial data, comparisons of prevalence estimates in a large population sample are warranted.

The current global recommendations for physical activity suggests at least 150 minutes of moderate and vigorous physical activity (MVPA) per week in at least 10-minutes bouts \[[@pone.0225670.ref020]\]. Recently, new recommendations in the United States have omitted the bout length requirement \[[@pone.0225670.ref021]\]. When comparing prevalence estimates of bouted and non-bouted MVPA from uniaxial accelerometry, the proportions fulfilling the recommendations vary largely (1%-70%) \[[@pone.0225670.ref010], [@pone.0225670.ref022], [@pone.0225670.ref023]\]. Although similar discrepancies may be expected from triaxial accelerometry, the proportional differences are unknown.

The aim of this study was to describe the levels and prevalence of physical activity in a large population-based cohort stratified by age, sex, body mass index (BMI) and educational level; and to compare potential differences in these estimates between triaxial and uniaxial accelerometry data.

Materials and methods {#sec006}
=====================

Design {#sec007}
------

The Tromsø Study is an ongoing population-based cohort study in the municipality of Tromsø, Norway. The study invites participants from previous surveys as well as random samples in repeated surveys (Tromsø 1: 1974, Tromsø 2: 1979--80, Tromsø 3: 1986--7, Tromsø 4: 1994--95, Tromsø 5: 2001, Tromsø 6: 2007--08, Tromsø 7: 2015--16). The data collection consists of questionnaires and interviews, biological sampling and clinical examinations. The detailed design of the Tromsø Study is described elsewhere \[[@pone.0225670.ref024]\]. The present study includes participants from the seventh survey conducted in 2015--16.

In Tromsø 7, all inhabitants of Tromsø municipality aged 40 years and older (N = 32591) were invited to the first visit, of which 21083 (65%) attended. Of all invited participants to Tromsø 7, a sub-sample was invited back for a second visit that included more extensive examinations. This sub-sample (n = 13304) included 20% of the inhabitants 40--59 years (n = 4,008) and 50% of the inhabitants 60--84 years (n = 6,142) randomly drawn from the total sample. In addition, previous participants in selected clinical examinations in Tromsø 6 not already included in the random sample were added (n = 3,154). Of the 8346 attending the second visit, due to logistical reasons, 6778 were invited to wear an accelerometer, of which 6333 (93%) accepted. Participants without valid accelerometry data due to lost accelerometers (n = 6), returned accelerometers with technical error (n = 37) or with invalid wear time data (n = 165) were excluded. Accordingly, 6125 participants provided valid wear time of four days of at least 10 hours. Of these, 167 and 65 participants did not report their educational level and smoking habits, respectively, and 24 did not undergo weight and/or height measurement. With some failing to report two or more potential covariates, we ended up with a sample of 5918 participants aged 40--84 years with valid data on accelerometry measured physical activity and potential confounders, which are included in our analyses.

All participants gave written informed consent. Tromsø 7 and this present study were approved by the Regional Ethics Committee for Medical Research (REC North ref. 2014/940 and 2016/758410, respectively) and the Norwegian Data Protection Authority.

Data collection {#sec008}
---------------

Height and weight were measured in light clothing without shoes. BMI was calculated as weight divided by the square of height (kg·m^-2^) and defined as normal- and underweight (\<25 kg·m^-2^), overweight (25--29.9 kg·m^-2^) or obese (≥30 kg·m^-2^), respectively. Information on educational level was collected from questionnaires and categorized in four groups; 1) primary school, 2) high school diploma, 3) University education \<4 years and 4) University education ≥4 years.

Physical activity and sedentary behaviour were measured with an ActiGraph wGT3X-BT accelerometer (ActiGraph, LLC, Pensacola, United States), firmware versions 1.2.0- to 1.8.0. Trained technicians instructed each participant on how to wear the accelerometer before attaching the accelerometer to their right hip using an elastic band. Participants were instructed to wear the accelerometer for 24 hours a day for eight consecutive days and nights (the rest of the day following the visit in the clinic and seven more days), perform their daily activities as usual, and only to remove the accelerometer during water-based activities (e.g. showering or swimming) and contact sports. The participants returned the accelerometer by mail in a pre-paid envelope. The ActiLife software (ActiGraph, LLC, Pensacola, United States) was used for initialisation and downloading the data. The accelerometer was initialized for raw data mode with a sampling frequency of 100 hertz and were set to start recording at 00:00 the day following the visit in the clinic.

Accelerometry data processing {#sec009}
-----------------------------

When reducing the raw acceleration files to epochs, the normal (default) filter in the ActiLife software was applied, which is proprietary to the manufacturer \[[@pone.0225670.ref007], [@pone.0225670.ref025]\]. The epochs were aggregated to 10 seconds. The .agd-files (epoch files) were further converted to .csv-files using the ActiLife software, which were thereafter analysed using the Quality Control & Analysis Tool (QCAT), a custom-made software for processing of accelerometry data developed in Matlab (The MathWorks, Inc., Natick, Massachusetts, USA). The acceleration units are expressed in triaxial vector magnitude (VM) (the square root of the sum of squared activity counts) counts per minute (CPM)), and as uniaxial CPM for data from the axial plane (vertical axis) only. The step count of the accelerometer was derived from the axial plane, based on a proprietary algorithm developed by the manufacturer.

The 10-second epoch data was summed to 1 minute, where each minute was classified as wear time if either its value was ≥5 VM CPM and there were at least 2 minutes ≥5 VM CPM on the proceeding or following 20-minute time span, or if its value did not exceed 5 VM CPM, but both on the preceding, and on the following 20-minute, there were 2 or more minutes of ≥5 VM CPM. Otherwise the acceleration was considered to be noise and classified as non-wear time \[[@pone.0225670.ref026]\]. Recordings containing at least four days with a minimum of 10 hours wear time each, were included in the analyses \[[@pone.0225670.ref007], [@pone.0225670.ref027]\]. All files flagged with invalid wear time data were visually inspected to confirm that the participants did not have valid wear time data (≤10 hours and ≤4 days). By visual inspection of diagrams from 30 random participants, the non-wear time algorithm appears to exclude sleep, which is thus defined as non-wear time in our analyses.

The triaxial VM CPM cut-points for different intensities were determined according to Peterson et al. \[[@pone.0225670.ref028]\] for sedentary behaviour and Sasaki et al. \[[@pone.0225670.ref029]\] for MVPA as follows: sedentary behaviour: \<150, light physical activity: 150--2689, and MVPA: ≥2690 VM CPM. Intensity-specific cut-points for the axial plane were \<100 CPM for sedentary behaviour, a cut-point originally determined for adolescents girls \[[@pone.0225670.ref030]\] but also later adopted for adults \[[@pone.0225670.ref031]\]. For light physical activity and MVPA, the uniaxial CPM cut-points were set between 100 and 1951 CPM and ≥1952 CPM, respectively \[[@pone.0225670.ref032]\]. The study by Peterson et al. \[[@pone.0225670.ref028]\] suggest that 100 uniaxial CPM are equivalent to 150 triaxial VM CPM. The studies by Sasaki et al. \[[@pone.0225670.ref029]\] and Freedson et al. \[[@pone.0225670.ref032]\] validated the respective cut-points using similar protocols that are matched in locomotion speeds on the treadmill and the movements should thus be biomechanically equivalent, resulting in comparable triaxial and uniaxial intensity specific cut-points for walking and running.

The following variables were extracted for our analyses: days of wear time, mean wear time per valid day of wear time, mean uniaxial CPM, mean triaxial VM CPM, mean steps per day, time (min·day^-1^) spent in sedentary-, light-, moderate and vigorous intensity physical activity, and the percentage meeting the World Health Organisation (WHO)\`s recommended levels of physical activity (i.e. ≥150 min of MVPA per week in ≥10-minute bouts) \[[@pone.0225670.ref020]\]. Participants who accumulated ≥22 mean minutes of MVPA per day in at least 10-minute bouts (i.e. 150 minutes per week divided by seven days) were considered meeting the recommendations. This criteria of 150 min of MVPA per week was also assessed in accumulated non-bouted MVPA \[[@pone.0225670.ref021]\]. We assumed that triaxial VM CPM would capture more movements than uniaxial CPM. Thus, physical activity estimates are primarily derived from triaxial VM CPM, which are compared to uniaxial CPM.

Availability of data and materials {#sec010}
----------------------------------

The full variable list for accelerometry estimates of physical activity data in the Tromsø Study is available at NESSTAR WebView tool \[[@pone.0225670.ref033]\]. The data that support the findings of this study are available from the Tromsø Study but restrictions apply to the availability of these data, which were used under license for the current study, and so are not publicly available. The data can however be made available from the Tromsø Study upon application to the Data and Publication Committee of the Tromsø Study \[[@pone.0225670.ref034]\]. The Matlab code for the QCAT software for the current study can be made available upon reasonable request to the corresponding author, however, the accelerometry data processing of epoch data was carried out in the QCAT software as described above. The QCAT software is under development and is planned to be made publicly available as an open source software in the future.

Statistical analysis {#sec011}
--------------------

All data were confirmed to be normally distributed by visual inspection of the residuals when performing univariate analyses of covariance (ANCOVA) to assess associations between physical activity measures and age (10-year age groups), sex, BMI and educational level, with mutual adjustment for each other (e.g. when analysing physical activity by BMI, these analyses are adjusted for sex, age, and education etc.) in addition to adjustment for smoking and height. Paired samples t-tests was performed to check for differences between triaxial and uniaxial results, without adjustments for covariates. Independent sample t-tests was performed to assess for differences in age, weight, height and BMI between the total sample and the accelerometer sample, in addition to assess for sex differences in descriptive variables, in both the total and the accelerometer sample. Finally, we performed Pearson´s chi square tests to assess differences in the distribution of BMI groups, educational level and smoking habits among those who were invited but declined to wear an accelerometer and those who were invited and accepted the invitation. The descriptive physical activity estimates are presented as unadjusted mean ± standard deviation (SD) unless otherwise is stated. The Statistical Package for Social Sciences (Version 25, International Business Machines Corporation, United States) was used to perform all statistical analysis.

Results {#sec012}
=======

Overall and sex specific participant characteristics of the total Tromsø 7 sample with valid data on covariates (BMI, education and smoking, N = 20485) are presented in [Table 1](#pone.0225670.t001){ref-type="table"}. Overall and sex specific participant characteristics of the accelerometry sample (N = 5918) are presented in [Table 2](#pone.0225670.t002){ref-type="table"}. There were no differences in BMI between the total sample and the accelerometry sample (p = 0.054), while age, height and weight differed between the total sample and the accelerometry sample (p\<0.001). In the accelerometry sample, women had lower BMI, height and weight than men (all p\<0.001). Age distribution varied, where the age group 60--69 years consisted of 42% of the sample. The majority of the sample was overweight, as 45.3% (n = 2681) and 22.6% (n = 1337) were classified as overweight and obese, respectively.

10.1371/journal.pone.0225670.t001

###### Participant characteristics.

The Tromsø Study total sample 2015--16.

![](pone.0225670.t001){#pone.0225670.t001g}

                               Women           Men            Total
  ---------------------------- --------------- -------------- --------------
  N                            10753 (52.5%)   9732 (47.5%)   20485
  Age (years)                  57.0 ± 11.3     57.2 ± 11.2    57.1 ± 11.3
  Height (cm)\*                164.3 ± 6.5     177.8 ± 6.7    170.7 ± 9.4
  Weight (kg)\*                72.6 ± 13.9     88.1 ± 14.2    80.0 ± 16.0
  BMI (kg·m^-2^)\*             26.9 ± 4.9      27.8 ± 4.0     27.3 ± 4.5
      \<25                     4329 (64.9%)    2337 (35.1%)   6666 (32.5%)
      25--29.9                 3997 (44.6%)    4958 (55.4%)   8955 (43.7%)
      \>30                     2427 (49.9%)    2437 (50.1%)   4864 (23.7%)
  Educational level                                           
          Primary school       2567 (54.4%)    2149 (45.6%)   4716 (23%)
          High school          2735 (48.0%)    2963(52.0%)    5698 (27.8%)
          University \<4 yrs   1897 (47.8%)    2070 (52.2%)   3967 (19.4%)
          University ≥4 yrs    3554 (58.2%)    2550 (41.8%)   6104 (29.8%)
  Smoking                                                     
      Daily                    1558 (54.8%)    1288 (45.2%)   2849 (13.9%)
      Previous                 4706 (52.0%)    4340 (48.0%)   9046 (44.2%)
      Never                    4489 (52.2%)    4104 (47.8%)   8593 (41.9%)

BMI = body mass index. Data are shown as mean ± standard deviation or n (%). The presented relative (%) prevalence is horizontal between women and men, while in the total column vertical between groups of BMI, educational level and smoking. \*Significant difference between women and men (p\<0.001)

10.1371/journal.pone.0225670.t002

###### Participant characteristics.

The Tromsø Study accelerometry sample 2015--16.

![](pone.0225670.t002){#pone.0225670.t002g}

                               Women          Men            Total
  ---------------------------- -------------- -------------- --------------
  N                            3172 (53.6%)   2746 (46.4%)   5918
  Age (years)                  63.4 ± 10.2    63.4 ± 10.1    63.3 ± 10.2
  Height (cm)\*                163.6 ± 6.3    176.9 ± 6.7    169.8 ± 9.3
  Weight (kg)\*                71.7 ± 12.9    86.9 ± 13.7    78.8 ± 15.3
  BMI (kg·m^-2^)\*             26.8 ± 4.7     27.8 ± 3.9     27.2 ± 4.4
      \<25                     1218 (64.1%)   682 (35.9%)    1900 (32.1%)
      25--29.9                 1270 (47.4%)   1411 (52.6%)   2681 (45.3%)
      \>30                     684 (51.2%)    653 (48.8%)    1337 (22.6%)
  Educational level                                          
          Primary school       1008 (58.2%)   724 (41.8%)    1732 (29.2%)
          High school          838 (50.1%)    834 (49.9%)    1672 (28.3%)
          University \<4 yrs   515 (46.4%)    594 (53.6%)    1109 (18.7%)
          University ≥4 yrs    811 (57.7%)    594 (42.3%)    1405 (23.7%)
  Smoking                                                    
      Daily                    396 (56.4%)    306 (43.6%)    702 (12%)
      Previous                 1498 (47%)     1405 (51%)     2903 (49%)
      Never                    1278 (40%)     1035 (37%)     2313 (39%)

BMI = body mass index. Data are shown as mean ± SD or n (%). The presented relative (%) prevalence is horizontal between women and men, while in the total column vertical between groups of BMI, educational level and smoking. \*Significant difference between women and men (p\<0.001)

Overall physical activity levels {#sec013}
--------------------------------

On average, the participants wore the accelerometer for 6.8 (SD: 0.5) days, and 58 (1%), 151 (3%), 860 (15%) and 4849 (81%) participants provided four, five, six and seven days of ≥10 hours of wear time, respectively. Mean wear time per day was 17.3 (SD: 1.8) hours. The participants accumulated a mean of 535 (SD: 2.3) VM CPM and 6968.7 (SD: 2932.8) steps per day. From triaxial accelerometry data, time spent in sedentary behaviour and light physical activity was 9.8 (SD: 1.7) and 6.7 (SD: 1.5) hours per day, respectively. The participants accumulated 41 (SD: 30) and 13 (SD: 17.2) minutes per day of non-bouted MVPA and bouted MVPA, respectively ([Table 3](#pone.0225670.t003){ref-type="table"}).

10.1371/journal.pone.0225670.t003

###### Volume measures and intensity specific minutes per day by sex.

The Tromsø Study accelerometry sample 2015--16.

![](pone.0225670.t003){#pone.0225670.t003g}

                                                   Women (n = 3172)   Men (n = 2746)   Total (n = 5918)
  ------------------------------------------------ ------------------ ---------------- ------------------
  Wear time per day (hr)                           17.2±1.7           17.3±1.9         17.3±1.8
  Uniaxial counts per minute                       249.4±103.9\*      264.5±119.9      256.4±111.87
  Vector magnitude counts per minute               539.5±168.5        530.4±187.3      535.3±177.5
  Steps per day                                    6999.9±2940.1      6932.7±2924.5    6968.7±2932.8
  Sedentary behaviour uniaxial (min∙day^-1^)       687.8±93.7         704.8±104.5      695.7±99.2
  Sedentary behaviour triaxial (min∙day^-1^)       574.4±94.2         604.7±103.4      588.5±99.7
  Light physical activity uniaxial (min∙day^-1^)   318.2±78.3         300.2±81.6       309.9±80.4
  Light physical activity triaxial (min∙day^-1^)   417.5±86.1\*       384.2±86.9       402.0±88.1
  MVPA uniaxial                                                                        
      With 10-min bouts (min∙day^-1^)              11.2±14.9          11.6±16.2        11.3±15.5
      Without 10-min bouts (min∙day^-1^)           28.0±22.3\*        31.8±25.7        29.8±24.0
  MVPA triaxial                                                                        
      With 10-min bouts (min∙day^-1^)              13.2±16.2          13.7±18.3        13.4±17.2
      Without 10-min bouts (min∙day^-1^)           38.4±27.6\*        44.0±32.3        41.0±30.0

Data are shown as unadjusted mean ± SD. The presented P~equality~ derives from the ANCOVA and is adjusted for educational level, body mass index, height, age and smoking. MVPA = moderate and vigorous physical activity. \*significant difference between women and men (p\<0.05).

Physical activity levels by age, sex, BMI and educational level {#sec014}
---------------------------------------------------------------

There were no sex differences in volume estimates (VM CPM and steps per day) or in time spent sedentary ([Table 3](#pone.0225670.t003){ref-type="table"}). Women accumulated more minutes of light physical activity than men (p\<0.001) and men accumulated more minutes of non-bouted MVPA than women (p\<0.001), while women and men accumulated an equal amount of bouted MVPA (p = 0.08) ([Table 3](#pone.0225670.t003){ref-type="table"}). In total, 22% (95% C.I.: 21--23%) fulfilled the recommended levels of physical activity (determined as ≥22 minutes MVPA per day in ≥10-minute bouts), compared with 70% (95%CI: 69--71%) in accumulated non-bouted MVPA ([Fig 1](#pone.0225670.g001){ref-type="fig"}).

![The proportion of women (n = 3172) and men (n = 2746) separately, and in total (n = 5918), fulfilling the WHO´s recommendations for physical activity of 150 minutes of MVPA per week, in both accumulated non-bouted and bouted MVPA and from triaxial and uniaxial data.\
Data is shown as percentage and error bars are 95% C.I.](pone.0225670.g001){#pone.0225670.g001}

All physical activity measures were inversely associated with age (p\<0.001), except for time spent in sedentary behaviour (p = 0.01) ([Table 4](#pone.0225670.t004){ref-type="table"}).

10.1371/journal.pone.0225670.t004

###### Volume measures and intensity specific minutes per day by age groups.

The Tromsø Study accelerometry sample 2015--16.

![](pone.0225670.t004){#pone.0225670.t004g}

                                                   40--49 years (n = 759)   50--59 years (n = 986)   60--69 years (n = 2501)   70--79 years (n = 1437)   ≥80 years (n = 235)   P~equality~
  ------------------------------------------------ ------------------------ ------------------------ ------------------------- ------------------------- --------------------- -------------
  Wear time per day (hr)                           17.4±1.5                 17.6±1.6                 17.4±1.7                  16.8±1.9                  16.2±2.2              \<0.001
  Uniaxial counts per minute                       301.8±117.3              289.5±106.3              261.7±107.3               214.6±101.9               170.6±88.6            \<0.001
  Vector magnitude counts per minute               609.3±179.3              578.9±166.6              542.5±172.4               475.5±167.4               402.1±142.6           \<0.001
  Steps per day                                    8135.4±2814.0            7964.6±2756.8            7198.7±2831.5             5681.4±2631.6             4449.9±2448.7         \<0.001
  Sedentary behaviour uniaxial (min∙day^-1^)       686.3±95.3               699.0±95.5               698.0±99.6                694.4±100.5               695.8±112.4           0.009
  Sedentary behaviour triaxial (min∙day^-1^)       579.5±96.1               593.3±96.0               593.0±99.5                584.5±101.8               573.3±111.4           0.01
  Light physical activity uniaxial (min∙day^-1^)   322.5 ±75.3              320.3±75.7               315.5±79.4                294.1±82.7                262.0±80.0            \<0.001
  Light physical activity triaxial (min∙day^-1^)   409.8±83.3               408.4±83.6               405.7±87.3                391.6±93.3                376.7±87.0            \<0.001
  MVPA uniaxial                                                                                                                                                                
      With 10 min bouts (min∙day^-1^)              12.6±15.1                13.8±15.7                12.3±16.2                 8.1±14.2                  5.4±11.8              \<0.001
      Without 10 min bouts (min∙day^-1^)           37.1±24.0                36.6±23.4                31.1±24.1                 21.4±21.5                 14.0±18.4             \<0.001
  MVPA triaxial                                                                                                                                                                
      With 10 min bouts (min∙day^-1^)              15.1±16.5                16.1±17.0                14.5±18.0                 10.0±16.1                 6.5±13.0              \<0.001
      Without 10 min bouts (min∙day^-1^)           52.7±29.1                49.5±28.7                42.7±29.8                 29.9±27.3                 18.4±22.0             \<0.001

Data are shown as unadjusted mean ± SD. The presented P~equality~ derives from the ANCOVA and is adjusted for body mass index, sex, educational level, smoking and height. MVPA = moderate and vigorous physical activity.

Steps per day and VM CPM were inversely associated with BMI (p\<0.001) ([Table 5](#pone.0225670.t005){ref-type="table"}). Sedentary time was positively associated with BMI (p = 0.02), while light physical activity, accumulated non-bouted MVPA and bouted MVPA were inversely associated with BMI (p\<0.001) ([Table 5](#pone.0225670.t005){ref-type="table"}).

10.1371/journal.pone.0225670.t005

###### Volume measures and intensity specific minutes per day by BMI.

The Tromsø Study accelerometry sample 2015--16.

![](pone.0225670.t005){#pone.0225670.t005g}

                                                    Normal weight (n = 1900)   Overweight (n = 2681)   Obese (n = 1337)   P~equality~
  ------------------------------------------------- -------------------------- ----------------------- ------------------ -------------
  Wear time per day (hr)                            17.5±1.7                   17.2±1.8                17.0±1.9           \<0.001
  Uniaxial counts per minute                        279.7±119.2                256.6±109.7             222.8±95.9         \<0.001
  Vector magnitude counts per minute                579.1±183.0                533.5±171.9             472.9±162.6        \<0.001
  Steps per day                                     7857.7±3132.5              6929.1±2768.9           5784.7±2497.5      \<0.001
  Sedentary behaviour uniaxial (min∙ day^-1^)       698.2±101.4                692.4±96.4              699.0±100.7        0.06
  Sedentary behaviour triaxial (min∙ day^-1^)       575.4±101.3                587.3±96.4              609.3±100.7        0.02
  Light physical activity uniaxial (min∙ day^-1^)   314.7±81.0                 312.0±79.8              298.7±79.7         0.06
  Light physical activity triaxial (min∙ day^-1^)   422.1±87.1                 402.0±85.1              373.6±87.5         \<0.001
  MVPA uniaxial                                                                                                           
      With 10-min bouts (min∙ day^-1^)              15.6±18.0                  10.8±14.8               6.2±10.9           \<0.001
      Without 10-min bouts (min∙ day^-1^)           35.7±25.6                  29.5±23.4               21.9±20.2          \<0.001
  MVPA triaxial                                                                                                           
      With 10-min bouts (min∙ day^-1^)              17.8±19.4                  13.1±16.7               7.9±12.8           \<0.001
      Without 10-min bouts (min∙ day^-1^)           47.0±31.4                  40.8±29.6               32.9±26.7          \<0.001

Data are shown as unadjusted mean ± SD. The presented P~equality~ derives from the ANCOVA and is adjusted for age, sex, educational level, smoking and height. BMI = body mass index, MVPA = moderate and vigorous physical activity.

Finally, VM CPM, steps per day and sedentary behaviour were not associated with educational level (p\>0.06). There were differences in light physical activity between educational levels (p = 0.003), and bouted MVPA were positively associated with educational level (p = 0.02). There were no differences in accumulated non-bouted MVPA between educational levels (p = 59) ([Table 6](#pone.0225670.t006){ref-type="table"}).

10.1371/journal.pone.0225670.t006

###### Volume measures and intensity specific minutes per day by education.

The Tromsø Study accelerometry sample 2015--16.

![](pone.0225670.t006){#pone.0225670.t006g}

  -------------------------------------------------------------------------------------------------------------------------------------------------------
                                                   Primary School (n = 1732)   High\           University\            University\           P~equality~
                                                                               School\         \<4 years (n = 1109)   ≥4 years (n = 1405)   
                                                                               (n = 1672)                                                   
  ------------------------------------------------ --------------------------- --------------- ---------------------- --------------------- -------------
  Wear time per day (hours)                        17.0±1.9                    17.3±1.8        17.3±1.9               17.4±1.7              0.26

  Uniaxial counts per minute                       230.2±107.1                 251.2±108.8     264.9±107.6            288.1±115.9           0.18

  Vector magnitude counts per minute               505.4±178.5                 533.3±178.7     538.6±171.9            571.9±172.5           0.58

  Steps per day                                    6128.4±2803.5               6906.1±2819.9   7154.9±2828.9          7931.5±2991.6         0.07

  Sedentary behaviour uniaxial (min∙day^-1^)       686.6±101.2                 695.7±98.5      701.8±102.1            702.1±94.3            0.06

  Sedentary behaviour triaxial (min∙day^-1^)       578.9±100.2                 588.3±100.8     596.9±102.0            593.9±95.1            0.10

  Light physical activity uniaxial (min∙day^-1^)   311.3±85.8                  316.4±81.4      304.7±76.5             304.4±74.3            0.002

  Light physical activity triaxial (min∙day^-1^)   404.9±94.0                  407.8±87.5      394.3±85.6             397.8±82.2            0.003

  MVPA uniaxial                                                                                                                             

      With 10-min bouts (min∙day^-1^)              7.9±13.5                    9.8±13.9        12.4±15.1              16.5±18.3             0.02

      Without 10-min bouts (min∙day^-1^)           23.1±22.4                   28.1±22.7       32.0±22.7              38.2±25.6             0.06

  MVPA triaxial                                                                                                                             

      With 10-min bouts (min∙day^-1^)              9.6±15.6                    11.9±15.6       14.7±16.6              18.9±19.7             0.02

      Without 10-min bouts (min∙day^-1^)           33.8±29.8                   40.2±29.8       43.1±28.3              49.3±29.6             0.59
  -------------------------------------------------------------------------------------------------------------------------------------------------------

Data are shown as unadjusted mean ± SD. The presented P~equality~ derives from the ANCOVA and is adjusted for sex, age, body mass index, smoking and height. MVPA = moderate and vigorous physical activity.

Triaxial versus uniaxial data processing {#sec015}
----------------------------------------

There were differences between all triaxial and uniaxial accelerometry estimates of physical activity (all p\<0.05) (Table [3](#pone.0225670.t003){ref-type="table"}, [4](#pone.0225670.t004){ref-type="table"}, [5](#pone.0225670.t005){ref-type="table"} and [6](#pone.0225670.t006){ref-type="table"}). Data from triaxial accelerometry data resulted in \~110 less minutes spent sedentary and \~90 more minutes spent in light physical activity compared with data from uniaxial accelerometry (p\<0.001). A larger proportion of participants (22%, 95% C.I.: 21--23%) fulfilled the current physical activity recommendations when using triaxial data compared with analyses from uniaxial accelerometry (18%, 95% C.I.: 17--19%). For accumulated non-bouted MVPA, the corresponding prevalence estimates were 70% (95% C.I.: 69--71%) and 55% (95% C.I.: 53--56%) from tri- and uniaxial accelerometry, respectively ([Fig 1](#pone.0225670.g001){ref-type="fig"}).

Additionally, comparisons of tri- and uniaxial accelerometry resulted in different associations with age, sex, BMI and education; Women accumulated more minutes in light intensity physical activity than men from triaxial data (p\<0.001), which was not observed from uniaxial data (p = 0.10) ([Table 3](#pone.0225670.t003){ref-type="table"}). Sedentary time was positively associated with BMI from triaxial data (p = 0.02), but not from uniaxial data (p = 0.06) ([Table 5](#pone.0225670.t005){ref-type="table"}). There was a difference in light physical activity between BMI groups from triaxial data (p\<0.001), but not from uniaxial data (p = 0.06) ([Table 5](#pone.0225670.t005){ref-type="table"}).

Dropout analysis {#sec016}
----------------

There were no differences in distribution of smoking habits (p = 0.45) and BMI groups (p = 0.62) between participants who accepted and participants who declined the invitation to wear an accelerometer. A larger proportion of women than men declined the invitation to wear an accelerometer (p = 0.04), and participants who declined were older and had lower education than those who accepted the invitation (p\<0.001).

Discussion {#sec017}
==========

In this population-based study of Norwegian adults and elderly, 22% fulfilled the current global recommendation for physical activity, however, when counting all accumulated non-bouted MVPA, the proportion increased three-fold, to 70%. Physical activity levels were inversely associated with older age and men accumulated more minutes of non-bouted MVPA than women. Those with lower BMI and higher education accumulated more minutes in MVPA. Furthermore, our results suggest higher prevalence estimates of sufficiently active participants from triaxial accelerometry data than from uniaxial accelerometry data, and we observed differences in all measures from tri- and uniaxial data, which was consistent across age, sex, BMI, and education.

Our prevalence estimates of physical activity based on accelerometry suggest that 1 out of 5 are fulfilling the current recommendations of ≥150 minutes per week of MVPA, which is substantially lower than the global estimate from self-reported physical activity in western high-income countries (\~63%) \[[@pone.0225670.ref035]\]. As self-reported physical activity is prone to recall and social desirability bias, self-report may overestimate the true physical activity level \[[@pone.0225670.ref036]\], which may indicate that more accurate estimates can be derived from device-based assessments (e.g. accelerometry) \[[@pone.0225670.ref037]\]. Thus, understanding how different measurements tools may influence the prevalence estimates is important to inform public health recommendations and policies.

The WHO´s physical activity recommendations for health are primarily based on self-reported physical activity \[[@pone.0225670.ref020]\]. Recently, based on data from both self-report and accelerometry, the revised United States recommendations for physical activity omitted the requirement that MVPA should be performed in at least 10-minute bouts \[[@pone.0225670.ref021]\]. Although the domain or type of MVPA is unknown, non-bouted MVPA may represent more sporadic activities and small bursts of movements, which may include transportation, stair climbing or house work, compared to bouted MVPA, which may be more planned and structured activities \[[@pone.0225670.ref038]\]. It is likely that individuals report activities when responding to self-report instruments that will not be detected as continuous ≥10 minutes by an accelerometer (e.g. playing intermittent sports, walking with stops to cross a road or to rest for some minutes). Thus, when using a stringent ≥10 minute criteria for fulfilling the recommendation, physical activity assessed by accelerometry may lead to an underestimation of the true prevalence.

Our data showed that the proportion fulfilling the recommended levels is highly dependent on whether MVPA is measured as bouted or accumulated non-bouted time; we observed a three-fold increase from 22% in bouted MVPA to 70% in accumulated non-bouted MVPA. Such patterns are also observed in previous studies from uniaxial accelerometry \[[@pone.0225670.ref010], [@pone.0225670.ref022], [@pone.0225670.ref039]\]. Moreover, when non-bouted MVPA is measured, our prevalence estimate is closer to the global estimate from self-reported physical activity \[[@pone.0225670.ref035]\], suggesting that such sporadic physical activity is also included in accelerometry when measuring non-bouted MVPA. Thus, understanding how different definitions of sufficiently active individuals may influence the prevalence estimates is important to inform public health recommendations and policies.

Furthermore, a recent meta-analysis showed maximal risk reduction in all-cause mortality at 24 minutes per day of accelerometry measured MVPA \[[@pone.0225670.ref040]\], which is similar to our chosen threshold for fulfilling the recommendations of 150 minute per week. The 24 minutes of MVPA for maximal risk reduction is also a substantially lower volume than what have previously been estimated from self-reported methods \[[@pone.0225670.ref041]\], indicating that the magnitude of the association between MVPA and mortality is in fact underestimated by self-reported methods. Accelerometry has been successfully implemented in surveillance systems and large cohorts \[[@pone.0225670.ref010], [@pone.0225670.ref022], [@pone.0225670.ref023], [@pone.0225670.ref042]\] and will likely be used in combination with self-reported physical activity in future large-scale studies. Thus, future studies that elucidates how different measurement tools influences the association with health outcomes is warranted.

Our prevalence estimates are similar to previous studies in Norwegian adults \[[@pone.0225670.ref014], [@pone.0225670.ref043]\], but higher than comparable estimates in Germany \[[@pone.0225670.ref042]\], Sweden \[[@pone.0225670.ref044]\], Portugal \[[@pone.0225670.ref010]\], the United States \[[@pone.0225670.ref011]\] and the United Kingdom \[[@pone.0225670.ref015], [@pone.0225670.ref022]\]. The observation of lower physical activity levels with higher age seems consistent across all studies measuring physical activity by accelerometry \[[@pone.0225670.ref010], [@pone.0225670.ref011], [@pone.0225670.ref014], [@pone.0225670.ref015], [@pone.0225670.ref022], [@pone.0225670.ref039], [@pone.0225670.ref042]\]. In previous studies, low levels of physical activity in older age are associated with disabilities such as difficulties in walking, pain and physical complaints \[[@pone.0225670.ref042], [@pone.0225670.ref045]\], indicating that the ageing process may influence physical activity levels. However, associations with disabilities disappear when controlling for morbidity confounders \[[@pone.0225670.ref045]\]. To date, there is no biological explanation for the consistent observed declines in physical activity levels with age, hence, encouraging older individuals to maintain or increase their physical activity levels may stimulate to healthy ageing and may thus have considerable impact on public health.

We found that men spent more time in accumulated non-bouted MVPA than women, whereas no sex differences were observed in bouted MVPA. In previous studies, male participants in studies from Norway \[[@pone.0225670.ref014], [@pone.0225670.ref043]\], the United States \[[@pone.0225670.ref011]\], Portugal \[[@pone.0225670.ref010]\], Germany \[[@pone.0225670.ref042]\] and the United Kingdom \[[@pone.0225670.ref015]\] accumulated more minutes of MVPA than female participants, whereas Swedish \[[@pone.0225670.ref039]\] and Chinese \[[@pone.0225670.ref013]\] women and men accumulated an equal amount of MVPA. The differences between the present study and the abovementioned studies may be due to different data processing protocols, thus, comparisons should be done with caution.

The inverse association between objectively assessed physical activity and BMI observed in the present study is consistent with previous studies \[[@pone.0225670.ref013], [@pone.0225670.ref014], [@pone.0225670.ref042]\]. Although a recent systematic review suggest that physical activity can prevent weight gain at the population level \[[@pone.0225670.ref046]\], methodological issues challenge this interpretation \[[@pone.0225670.ref047]\]. Basically, it is equally likely that lower levels of physical activity result in high BMI as *vice versa*, however, the direction in the association cannot be determined from cross-sectional designs \[[@pone.0225670.ref048]\].

Furthermore, our study demonstrated a positive association between bouted MVPA and educational level, which is consistent with studies from other high-income countries \[[@pone.0225670.ref013], [@pone.0225670.ref014], [@pone.0225670.ref049], [@pone.0225670.ref050]\]. Suggested reasons for lower MVPA in low education groups may include low perceived control, family responsibilities, poor perceived health, and financial and housing problems \[[@pone.0225670.ref051]\], as well as lack of knowledge of health benefits, attitudes and motivation towards physical activity \[[@pone.0225670.ref049]\]. Additionally, higher education is also associated with sedentary occupations \[[@pone.0225670.ref052]\], which may be compensated by an increased engagement in higher intensity leisure time physical activity \[[@pone.0225670.ref049]\]. In contrast, individuals with lower education are more likely to possess jobs including standing and/or walking, usually of light intensity physical activity \[[@pone.0225670.ref053], [@pone.0225670.ref054]\]. It is previously demonstrated that less sitting time at work may be associated with higher sitting time during leisure time \[[@pone.0225670.ref055]\]. Hence, those with lower education may be exposed to a more exhaustive working environment resulting in less leisure time physical activity of higher intensity due to the necessity of rest \[[@pone.0225670.ref053], [@pone.0225670.ref055], [@pone.0225670.ref056]\].

However, there were no differences in accumulated non-bouted MVPA between educational levels. As bouted MVPA may be planned and structured compared to non-bouted MVPA that may be more sporadic \[[@pone.0225670.ref038]\], this may also explain why non-bouted MVPA did not differ between educational levels: non-bouted MVPA may be performed during work hours to a larger extent in those with lower education as they may possess jobs including standing and sporadic walking that may reach accelerations corresponding to MVPA, which is in contrast to those with higher education that may have more sedentary occupations \[[@pone.0225670.ref052]\] and engage in more planned bouted MVPA during leisure time \[[@pone.0225670.ref052], [@pone.0225670.ref055]\].

Triaxial data resulted in more minutes of MVPA and less time spent sedentary than uniaxial data, which is consistent with previous studies in older women \[[@pone.0225670.ref008]\] and middle-aged adults \[[@pone.0225670.ref042]\]. Accordingly, the proportion meeting the current recommendations using uniaxial accelerometry data (18%) is approximately 20% lower compared with triaxial accelerometry data (22%). Moreover, this proportion is even larger when assessing non-bouted MVPA (triaxial: 70% vs. uniaxial: 55%). This corroborates previous observations suggesting triaxial accelerometry may capture more movement compared with uniaxial accelerometry \[[@pone.0225670.ref016]\], which may even be more pronounced in non-bouted MVPA compared with bouted MVPA.

In addition, our analyses suggested differences by sex and education levels when assessing uniaxial and triaxial accelerometry. When triaxial and uniaxial data are compared in laboratory settings, only small and typically non-significant differences are observed \[[@pone.0225670.ref018], [@pone.0225670.ref057]\]. This is possibly explained by the distinct activities performed in the laboratory studies, such as walking and running on a treadmill that have no unique medio-lateral and anterior-posterior accelerations in the hip, resulting in movements in the vertical axis being almost perfectly correlated with total 3-dimensial measurement of the similar movement, whereas behaviours during free-living conditions involve larger variation in movements, and thereby also more unique medio-lateral and anterior-posterior movements in the hip \[[@pone.0225670.ref018]\]. Additionally, this may explain why men accumulated more uniaxial CPM; as men may perform more walking and running than women, such differences may disappear when also analysing medio-lateral and anterior-posterior hip movements from triaxial accelerometry, which may be performed more by women. Nevertheless, the findings from the present study confirms earlier anticipations that triaxial accelerometry provide higher estimates of physical activity \[[@pone.0225670.ref016]\]. Thus, this illustrates that comparisons between different accelerometry processing methods should be done with caution and that tracking of physical activity across time is sensitive to accelerometry data collection and processing.

Limitations {#sec018}
-----------

There are some limitations to this study. First, the intensity specific count-based cut-points in this study are based on laboratory studies using the relationship between acceleration and oxygen uptake during walking and running, which is then inter- or extrapolated to CPM for the respective intensities \[[@pone.0225670.ref029], [@pone.0225670.ref032]\]. Thus, the chosen cut-points are not calibrated to reflect the caloric intensity of activities that are biomechanically different from walking and running. For example, cycling at moderate intensity may be classified as light physical activity. However, according to the present study, triaxial accelerations seem to express a wider range of movements than uniaxial accelerations resulting in higher estimates of physical activity.

Further, this study included participants aged 40 years and older, whereas the validity studies for the intensity specific cut-points included participants with a mean age of \~25 years \[[@pone.0225670.ref029], [@pone.0225670.ref032]\]. As cardiorespiratory fitness decreases with increasing age \[[@pone.0225670.ref058]--[@pone.0225670.ref060]\], the employed cut-points in this study may be inappropriate for the older participants as the intensity specific thresholds are absolute. However, our study sample is suggested to represent the entire adult population \[[@pone.0225670.ref024]\] and therefore, intensity-specific cut-points validated in young adults was considered the most appropriate.

A non-wear criteria of 20 minutes of consecutive 0 CPM seems to result in the lowest misclassification of wear and non-wear time \[[@pone.0225670.ref061]\]. However, this non-wear algorithm will exclude slightly more participants from final analyses compared with 60 minutes of consecutive 0 CPM \[[@pone.0225670.ref061]\]. The chosen algorithm for non-wear time in our study classified \~7 hours per day as non-wear time and only excluded 2.6% participants, in contrast to the study by Peeters et al. \[[@pone.0225670.ref061]\] where \~6% were excluded following the 20 minutes of consecutive 0 CPM algorithm. However, as no non-wear time algorithm is perfect, some misclassification of wear/non-wear time is inevitable within each trace of included participants. Considering the 24-hour protocol employed in the present study where 30% of the day was classified as non-wear time, it is likely that the method used may have removed too much true sedentary time which would inflate overall volume of activity estimates but not light physical activity and MVPA estimates directly. Moreover, our non-wear algorithm for excluding sleep has not been validated and may misclassify sedentary time.

The present study may be prone to accelerometer reactivity \[[@pone.0225670.ref062]\]. Some studies have observed higher physical activity levels on day one of recording compared with the following days \[[@pone.0225670.ref062]\], however, this is not consistent \[[@pone.0225670.ref063]--[@pone.0225670.ref066]\]. As it seems difficult to control for potential reactivity considering the need for information on the study´s purpose, potential reactivity is likely and has to be an acceptable limitation when employing accelerometry to measure individuals' daily physical activity levels and patterns.

Finally, selection bias may have affected our prevalence estimates \[[@pone.0225670.ref067]\]. A larger proportion of older participants and participants with lower education declined the invitation to wear an accelerometer. However, there were no differences in the distribution of smoking habits and BMI between those who declined and accepted the invitation. Moreover, the acceptance rate to the first visit in Tromsø 7 (65%), and especially the high acceptance rate for wearing the accelerometer (93% out of the 8346 attending the second visit) suggests a fair representativeness in the population. Additionally, the participants accepting to wear an accelerometer seem evenly distributed between educational levels ([Table 1](#pone.0225670.t001){ref-type="table"}), suggesting an even distribution between social classes. Nevertheless, a non-respondent bias due to the most frail and unfit not participating cannot be ruled out.

Strengths {#sec019}
---------

This study included a large sample of adults and elderly, allowing us to assess the prevalence of physical activity in a large heterogeneous sample. Moreover, our population-based study can be considered to have a high acceptance rate (65%), with an even higher acceptance for wearing an accelerometer (93%). Finally, although no gold standard for measuring free living physical activity exists \[[@pone.0225670.ref068]\], we assessed the prevalence of physical activity using accelerometry, which is more accurate than self-reported methods when compared against the doubly labelled water technique \[[@pone.0225670.ref069], [@pone.0225670.ref070]\].

Conclusion {#sec020}
==========

The prevalence estimates of sufficiently active adults and elderly are more than three times higher (22% vs. 70%) when comparing triaxial bouted and non-bouted MVPA. Physical activity estimates are highly dependent on accelerometry data processing criteria and on ddifferent definitions of physical activity recommendations, which may influence prevalence estimates and tracking of physical activity patterns over time.

The authors would like to acknowledge PhD Ola Løvsletten for advice on statistical analyses.
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\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0225670.r002

Author response to Decision Letter 0

27 Sep 2019

Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Congratulations for your work. The article is very interesting, but some changes are necessary.

The main problem is the use of prevalence accordingo to WHO recommendation instead averages. This is a problem with accelerometry because recommendations were built based on questionaires and not in a mechanical measure. Therefore prevalence obtained with accelerometer are not applicable to WHO recomendations I strongly suggest rephrasing article for averaging measures.

Response: Thank you for your thorough work reviewing our manuscript. Below is our response to your comments.

The reviewer mentions an important concern. However, we respectfully disagree regarding the prevalence estimates. Although WHO recommendations are based on self-report, we still think that presenting prevalences estimates by accelerometry is of interest and consistent with previous studies (our reference nr 10, 22, 23), and also a previous study published in this journal (reference nr 42). In addition, a recent meta-analysis shows that the maximal risk reduction for all-cause mortality was observed at 24 min per day of accelerometry measured MVPA (Ekelund et al., 2019, BMJ, now our reference nr 43), similar to the 150 minute per week thresholds we used when estimating prevalence of inactivity. This is also considerably lower than previous estimates from self-report (Stamatakis et al., 2019, J Am College Cardiol, now our reference nr 44), suggesting that the magnitude of associations with mortality based on self-report are underestimated. Thus, we consider reporting prevalence estimates from accelerometry is justified, emphasizing the importance and complexity of the measurement methods when estimating prevalences.

Reviewer 2 also comment on this issue, suggesting to include a paragraph addressing this issue in the discussion. Accordingly, this is done (L414-424). We hope our attempt in addressing this issue is satisfactory.

Introdution:

Line 59-60:

Questionnaires are still very important because accelerometry does not include information such as domains of physical activity or subjective characteristics. Therefore, the term \"replace\" used here needs to be changed

Response: We fully agree with the reviewer and accordingly, "replace" is removed from the sentence.

Line 77-79:

Please confirm in the text if the limit used is validated for one or three axys

Response: Unfortunately, we do not understand the comment from the reviewer. Could the reviewer please clarify this comment, and we hope we can get the chance to address this comment in a second round of revisions.

Methods:

It is unclear the year of data collect.

Response: We apologize for this not being explicitly clear. Accordingly, we have stated the following in line 105: "The present study includes participants from the seventh survey conducted in 2015-16."

Line 161: Was used an algorithm to sleep detection or only visual inspection based on lower movimentation period? Please specify this topic and if necessary, include in limitations of study.

Response: Besides the non-wear time algorithm, there were no additional algorithm to exclude sleep, as it seems that the non-wear time algorithm also excluded sleep. We agree that this is a limitation and accordingly, we have included this under limitation (please see L533-534).

Line 181: Again, the main problem with the study is the use of prevalence rather than averages. Please use averages / medians in the analysis

Response: Please see our answer above.

Confirm that the MVPA variable is symmetrical to present the means. If not, use nonparametric tests and present medians.

Response: The Kolmogorov-Smirnov (the Shapiro-Wilk test is unavailable to sample sizes \>50 in SPSS version 25) comes out as significant, indicating that the MVPA variable deviates from normal distribution and is positively skewed. However, as presented under statistical analysis, from visual inspection of residuals in the ANOVA and ANCOVA, the data can be considered to follow normal distribution. This has been confirmed by our statistician, suggesting that parametric analyses are appropriate.

Results:

Figure 1: I suggest exclude this Figure and thinking of other alternatives such as % of individuals with 0min of MVPA. This Figure may result in incorrect information about precentage of individuals meeting WHO recomendations because it is based on accelerometry and is not comparable with data from questionaries.

Response: We respectfully disagree, please see our response as discussed above.

Discussion:

Please, discuss what is the meaning of MVPA with and without bouts and which movement patterns they can represent.

Response: We have presented the meaning in the introduction, please see L84-90.

As the WHO recommendations states bouted MVPA while the updated American guidelines do not require bouts of 10 minutes, comparing bouts and no bouts have, in our view, applicability. The updated UK guidelines have now also removed the 10-min bout criteria two weeks ago (<https://www.gov.uk/government/publications/physical-activity-guidelines-uk-chief-medical-officers-report>). Finally, the WHO guidelines are under revision, which make our presentation of bouted and non-bouted MVPA relevant, as they clearly show the difference between these two approaches.

However, what we have not mentioned is what types of movement they may represent. Unfortunately, what movement they may represent are difficult to estimate, as accelerometry only measures acceleration, and in our case, acceleration in the hip. Whether non-bouted MVPA represents jumping, walking, running, sprinting, or house work is unknown. The only interpretation possible with this data, is to suggest that \<10 min MVPA may be more sporadic and may represent more impulsive movements, while \>min MVPA may be more planned/or intended as they are continuous. Accordingly, we have implemented a sentence in this regard (see L400-412). Thank you for this suggestion.

Lines 377-380: I suggest rephrasing the sentence. This frase seems blame older people for the lower levels of physical activity compared to Young people. Other mechanisms, such as, worse sleep indicators, lower muscle strengh and health problems may explain these changes across the life. Please, review the sentence.

Response: As stated in this paragraph, lower levels of PA are associated with disabilities in walking, pain etc., however, this association disappeared when controlling for morbidity. Thus, implying a causal link between worse health and low PA levels and not vice versa, should be interpreted with caution. As we have stated, no biological explanation exists for the decline in PA levels, indicating that perhaps this association is the other way around: lower PA levels results in worse sleep, lower strength (indeed, no stimuli of muscular movements will result in low muscle strength) and poor health outcome (there are multiple studies showing that those who exercise have higher cardiorespiratory fitness in older age (Wilson and Tanaka, 2000, Circulation, Tanaka and Seals, 2008, J Physiol). Nevertheless, we have changed the phrasing in order to avoid blaming older individuals.

Lines 382-388:

Again, these results may be due to differnece in physical activity contructs based on different intensities and bout criteria. The discussion needs further explanation about this.

Response: Thank you for addressing this. In this paragraph, we have stated that comparisons in this paragraph should be made with caution due to different processing, please see L439-445. We hope this is satisfactory for addressing this important issue.

Please, add discussion about mechanisms between physical activity and IMC. Even with reverse causality, some suggestion for the findings is necessary.

Response: Thank you for your suggestion. We have revised the text to address this issue, please see L447-452.

Please, add to the discussion a topic about what to do with the article results. Can the affect measurements in longitudinal studies using uni and triaxials accelerometers across the time? What are the authors recommendations based on article findings?

Response: Thank you for this excellent suggestion. We have amended the discussion as suggested, please see L500-502.

Line470-472: High acceptance rate does not mean lack of bias. You need to compare sample features and losses. At least, suggest in which direction high representativeness in the population and among different educational levels may affect the findings presented.

Response: Thank you for this important comment we fully agree that lack of bias may never be removed. We have tried to discuss this issue (please see L543-552). Additionally, we have compared the total sample with the accelerometer sample in age, weight, height and BMI (L241-275).

After the limitations, please report the strengths of the study.

Response: Thank you for this comment, accordingly, this is done (L555-561).

Conclusion

The conclusion needs reformulation according to the suggestions of the article.

Response: Thank you for the suggestion. Accordingly, we have tried to revise the conclusion to reflect the aims and content to a larger degree, please see L564-568.

Final note:

Thank you for your thorough work reviewing our paper. We think your comments and suggestions to revision have improved our paper.

Reviewer \#2: This is a cross-sectional study, which has investigated the prevalence of accelerometer-based physical activity in mid-age adults from the Tromso Study in Norway. Moreover, the authors compared estimates derived by triaxial and uniaxial accelerometers. Currently, there is substantial interest and need for population estimates of physical activity based on objective measures. The context of this paper concerning the existing literature is well described, the study is well designed, and the conclusions are mostly aligned with the methods and findings. I have minor comments that are offered for the authors to consider to clarity the paper.

Response: Thank you for your thorough work reviewing our manuscript. Below is our response to your comments.

1- Sorry, but I could not see tables 3, 4 and 5. They were not provided in the main manuscript file, and I could not find any other alternative file with the submission.

Response: We are sorry to read that you have not have any chance to see the tables. These tables were large and thus uploaded as additional files. We have now included them in the manuscript.

2- Would be essential to report on the abstract the place where the accelerometers were worn.

Response: Thank you for the suggestion, this is now included in the abstract (L38).

3- It is not clear in the abstract whether the prevalence of physical activity (PA) presented (22% and 70%) are from triaxial or uniaxial. Given the comparison between triaxial and uniaxial is part of the study aims, it would be important to make it clear in the abstract.

Response: Thank you for the suggestion, this is now included (L42).

4- A significant amount of the study relied on comparing the compliance with physical activity guidelines. However, it is essential to note that the current guidelines of 150 minutes per week of MVPA are mostly based on shreds of evidence from self-report data. The manuscript would gain by discussing this issue.

Response: This issue is important to address. Accordingly, we have included a paragraph addressing this very issue (please see L413-423).

5- The sampling process and the design of the study are not clear. Is the Tromso 7 a follow-up measure from Tromso 1, or is it a new cohort that started in 2015? Is this a cohort study or a series of cross-sectional studies?

Response: We apologize for this being unclear. The Tromsø Study is an ongoing cohort study, inviting previous participants as well as random samples in repeated surveys named Tromsø 1, Tromsø 2, Tromsø 3, Tromsø 4, Tromsø 5, Tromsø 6 and Tromsø 7 (last survey so far). Each survey therefore represents a combination of longitudinal and cross-sectional cohorts. In the current analyses we used a sample from the seventh survey, Tromsø 7, as this was the first survey that measured PA by accelerometry in a larger sample, limiting this study to a cross-sectional design.

6- Please consider describing the sample from the starting sample size at recruitment, and the comparison of the analytical sample with the original sample. How to the 5918 participants compare with the overall population? The strength is the population-based design, but the reader cannot ascertain how representative the sample is.

Response: Thank you for the comment. We agree that representativeness is an important issue and have therefore included a new table (now table 1) showing the descriptive characteristics of the original sample as well, which is compared to the sub-sample in terms of age, BMI, weight and height.

7- Page 8, line 187 -- see 'triacial'

Response: Thank you for your comment, this is now corrected.

8- Presenting standard deviations and means would be preferable instead of standard errors for the means, as it gives to the reader a clearer idea on the variability of the data.

Response: we have substituted SEM with SD, as suggested.

9- Page 9, line 213-215. It is not clear. Please review.

Response: Ok, we have now tried to make it clearer, please see L212-216.

10- Although the difference in the prevalence of PA 10-min bouts between the triaxial and uniaxial was 4 percentage points, there was a 15-percentage points difference when non-bout was considered. Could it be further discussed in the discussion section?

Response: We have briefly discussed this in the revised version of the manuscript (L476-483).

11- Page 14, line 353; please review 'These' and use 'those' instead.

Response: Thank you for your comment, this is now corrected.

12- Page 17, line 410. Please note that for a prevalence of 22%, '4% lower' would mean 21.2%. The difference between 22% and 18% represents 4 percentage points...Alternatively, the authors could say that the prevalence of 18% is approximately 20% lower than prevalence of 22%.

Response: Thank you for this comment. This adds an interesting point of presenting and interpretation. Please see the revised sentence (L476-483).

13- The conclusion retells the results and does not provide directions. The 'so what?' is missing in conclusion.

Response: Thank you, we have accordingly revised the conclusion to better reflect the aims and content, which may hopefully to a larger degree provide some implications of the study (L563-567).

14- English language wording needs to be checked, as there are minor errors throughout the paper.

Response: Thank you for this comment. We have now checked spelling and grammar, hopefully the manuscript reads better now.

10.1371/journal.pone.0225670.r003
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29 Oct 2019

PONE-D-19-20213R1

Prevalence estimates of physical activity in adults and elderly from triaxial and uniaxial accelerometry. The Tromsø Study

PLOS ONE

Dear Mr Sagelv,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

We would appreciate receiving your revised manuscript by Dec 13 2019 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Fernando C. Wehrmeister

Academic Editor

PLOS ONE

Additional Editor Comments (if provided):

Congratulations for the authors for this new version of the paper. Based on the assessment of the reviewers and myself, I believe that the paper deserves be published in Plos One. However, some minor points need attention. According to reviewer 2, the paper will benefit from a more detailed discussion on the impact of these kind of measure on public health. Authors should consider expand the discussion on this specific point. Other comment is regarding the title. I will suggest that the authors use terms like \"levels\" instead prevalence. Why? The paper has 6 tables showing details of the parameters obtained with accelerometer, and only one figure for prevalence. So the component of \"levels\" in the manuscript is crucial for understanding it.

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: (No Response)

Reviewer \#2: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Partly

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: I understand your argument when use the reference "Ekelund et al., 2019, BMJ" to justify the use of 150 minutes. In other hand, accelerometry measure includes many decisions not included in self-report. When asked about your habitual physical activity, the answer probably will not include an exact definition of bout or intensity. Thus, if an individual practice sports for 1h, then this 1h will not necessarily be classified as MVPA time in accelerometry (including bout criteria, this will be very different). Therefore, to reach recommendations with accelerometry definitions is very difficult resulting in lower percentages. In addition, prevalence information, in many cases is used to show a health scenario in the world, or in the local context. If you want to keep this kind of measure, I suggest improving the discussion on the differences between prevalence measure by method and how this is used in public health. This measure may be mistakenly used as "the true" about health/physical activity scenario of population and severity of this scenario may vary greatly according to accelerometry decisions. The message of the article is unclear about what to do with this prevalence and how it may impact or apply to public health. Often, "more physical activity" is the final message, but in your case, you show a percentage of population reaching an expected value, so what to do with this percentage so different from previous self-report studies needs further explanations.

Reviewer \#2: Thank you for the opportunity to review this manuscript. I do not have further considerations.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Response to the editor and reviewers

Additional Editor Comments (if provided):

Congratulations for the authors for this new version of the paper. Based on the assessment of the reviewers and myself, I believe that the paper deserves be published in Plos One. However, some minor points need attention. According to reviewer 2, the paper will benefit from a more detailed discussion on the impact of these kind of measure on public health. Authors should consider expand the discussion on this specific point. Other comment is regarding the title. I will suggest that the authors use terms like \"levels\" instead prevalence. Why? The paper has 6 tables showing details of the parameters obtained with accelerometer, and only one figure for prevalence. So the component of \"levels\" in the manuscript is crucial for understanding it.

Answer: Thank you for the opportunity for this second revisions to further improve our paper. According to your suggestions, we have further expanded our discussion on the interpretation of our prevalence estimates and how this impacts public health (please see L398-440). We agree on the title change and we have accordingly changed our title to "Physical activity levels in adults and elderly from triaxial and uniaxial accelerometry. The Tromsø Study". We have also included "levels" as a part of our aim: Abstract, see L33 and main text: see L92.

6\. Review Comments to the Author

Reviewer \#1: I understand your argument when use the reference "Ekelund et al., 2019, BMJ" to justify the use of 150 minutes. In other hand, accelerometry measure includes many decisions not included in self-report. When asked about your habitual physical activity, the answer probably will not include an exact definition of bout or intensity. Thus, if an individual practice sports for 1h, then this 1h will not necessarily be classified as MVPA time in accelerometry (including bout criteria, this will be very different). Therefore, to reach recommendations with accelerometry definitions is very difficult resulting in lower percentages. In addition, prevalence information, in many cases is used to show a health scenario in the world, or in the local context. If you want to keep this kind of measure, I suggest improving the discussion on the differences between prevalence measure by method and how this is used in public health. This measure may be mistakenly used as "the true" about health/physical activity scenario of population and severity of this scenario may vary greatly according to accelerometry decisions. The message of the article is unclear about what to do with this prevalence and how it may impact or apply to public health. Often, "more physical activity" is the final message, but in your case, you show a percentage of population reaching an expected value, so what to do with this percentage so different from previous self-report studies needs further explanations.

Answer: Thank you for the suggestion. We agree on the importance of this and we have accordingly further expanded our discussion on the interpretation of our prevalence estimates and how this impacts public health (please see L398-440).

Reviewer \#2: Thank you for the opportunity to review this manuscript. I do not have further considerations.

Answer: Thank you for reviewing our paper.
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Dear Dr. Sagelv,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Fernando C. Wehrmeister

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

The authors appropriate deal with the comments from the editor and the reviewer. The paper is very nice and will be important for the field of physical activity objectively measured. Congratulations!

Reviewers\' comments:
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Physical activity levels in adults and elderly from triaxial and uniaxial accelerometry. The Tromsø Study

Dear Dr. Sagelv:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Fernando C. Wehrmeister

Academic Editor

PLOS ONE
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